1. Introduction {#sec1}
===============

Thyrotoxicosis is a common thyroid dysfunction. Common etiologies of hyperthyroidism are Graves\' disease, subacute thyroiditis, toxic adenoma, and multinodular goiter. The ratio of total triiodothyronine (T3) to total thyroxine (T4) is a simple and helpful index for the differential diagnosis between Graves\' disease and subacute thyroiditis [@bib1], [@bib2]. A total T3 to total T4 ratio less than 20 ng/mg in thyrotoxic patients before therapy is a laboratory signal of destruction-induced thyrotoxicosis [@bib1]. Measurements of free T3 (FT3) and free T4 (FT4), instead of the total form, are more commonly used in current practice because they are less affected by the thyroid hormone-binding proteins. The FT3/FT4 ratio had been reported as a useful indicator for differentiating subacute thyroiditis from Graves\' disease [@bib3], [@bib4]. However, these ratios are not widely used because they derived from the small sample studies.

Besides clinical status resulting from thyroid hormone excess, thyrotoxicosis is defined by elevated T3 and/or T4 concentrations. Serum thyrotropin (more frequently referred to as thyroid-stimulating hormone, TSH) level is the most sensitive and specific tool used in the diagnosis of primary thyroid dysfunction. Many organizations currently recommend measurement of both TSH and FT4 at the time of the initial assessment, while the total T3 measurement is only helpful for the diagnosis of T3-toxicosis [@bib5], [@bib6]. T3-toxicosis is a state in which patients have a high level of T3 and low TSH but a normal level of T4. It is caused by iodine deficiency or the earliest stages of disease caused by an autonomously functioning thyroid nodule, multinodular goiter or Graves\' disease [@bib7], [@bib8]. Prevalence of T3-toxicosis varies from 1 to 5% [@bib8]. However, data from Thailand reported a higher prevalence of T3-toxicosis compared with T4-toxicosis (16.02% vs 2.94%) [@bib9]. Controversy still exists as to whether T3 or T4 offers better sensitivity for determining a thyrotoxic state, particularly in a limited-resource setting.

The aim of this study was to evaluate the usefulness of the ratio of serum FT3 to FT4 for differentiating Graves\' disease from subacute thyroiditis. We also compared the sensitivity and specificity of T3 and T4 for diagnosis of thyrotoxicosis.

2. Materials and methods {#sec2}
========================

2.1. Study design and participants {#sec2.1}
----------------------------------

This study was approved by the Ethics Committee on Human Experimentation, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok. Medical records of thyrotoxic patients aged more than 15 years who had thyroid function tests, including FT3, FT4 and TSH, on the first date of diagnosis of thyrotoxicosis were retrospectively reviewed. Pregnant women and subjects with isolated TSH levels were excluded from the study. Retrospective data during the study period 2011--2014 were collected from all clinics in Ramathibodi Hospital and not limited to the endocrine clinic. Pregnant women were excluded. Data from Iodine Global Network in 2012, iodine status in Thailand is adequate.

2.2. Definition {#sec2.2}
---------------

Graves\' disease was diagnosed by clinical presentations and/or thyroid autoantibody and/or high radioactive iodine uptake (RAIU) tests. Diagnosis of subacute thyroiditis was made on the basis of later development of euthyroid or hypothyroid without receiving any anti-thyroid hormone drug and/or clinical pain and/or low RAIU test. Toxic adenoma/multinodular goiter was diagnosed by the use of RAIU with/without thyroid scan and fine-needle aspiration. Demographic data, diagnosis, clinical presentation, thyroid function tests, thyroid autoantibody and RAIU and thyroid scan results were recorded. Treatment of thyrotoxicosis were based on the decisions of family physicians, internists or endocrinologists. The evaluation of the cause of thyrotoxicosis was reviewed and confirmed by an endocrinologist who specializes in thyroidology. In addition, an endocrinologist was blind to the results of thyroid function tests.

2.3. Serum analysis {#sec2.3}
-------------------

The following tests were performed on an ARCHITECT *i*2000 immunoassay analyzer (Abbott Diagnostics, Lake Forest IL, USA): TSH, FT3, FT4, thyroglobulin autoantibody (TgAb), thyroperoxidase antibody (TPOAb) and TSH receptor antibody (TRAb). All assays were performed using reagents provided by Abbott Diagnostics, according to the instructions on the package insert. The corresponding reference ranges of serum TSH, FT3 and FT4 were 0.35--4.94 mIU/L, 1.71--3.71 pg/mL and 0.70--1.48 ng/dL. The lowest value of serum TSH that could be detected was 0.0038 mIU/L. The highest serum FT3 and FT4 levels that could be measured were 30 pg/mL and 6 ng/dL, respectively.

2.4. Statistical analyses {#sec2.4}
-------------------------

Statistical analyses were performed using SPSS version 20.0 (IBM Corp, Armonk NY, USA). The Kolmogorov--Smirnov test was used for Gaussian distribution analysis. Data were presented as mean ± SD. A *p*-value \<0.05 was considered statistically significant. Cutoff values of the FT3/FT4 ratio for diagnosis of thyrotoxicosis were calculated using receiver operating characteristic (ROC) curves.

3. Results {#sec3}
==========

3.1. Demographic data {#sec3.1}
---------------------

A total of 548 patients with newly-diagnosed of thyrotoxicosis were recruited for the final analysis. The mean age was 43.9 ± 15.4 years (range, 15--86), and most were women 434 (79.2%). Of these patients, 468 (85.4%) were diagnosed with Graves\' disease, 40 (7.3%) with subacute thyroiditis, and 40 (7.3%) with toxic adenoma/multinodular goiter ([Table 1](#tbl1){ref-type="table"}). Most people lived in Bangkok or the central region of Thailand (53.3%), followed by the northeast (19.1%) and south (8.9.%). Goiter was the most common symptom, found in 55.3%.

3.2. FT3/FT4 ratio for differentiating between Graves\' disease and subacute thyroiditis {#sec3.2}
----------------------------------------------------------------------------------------

Serum FT3 and FT4 were obtained at the time of diagnosis of thyrotoxicosis. Additional tests to confirmed the etiology of thyrotoxicosis were performed within 2 months after the onset. Mean FT3 to FT4 ratios (10^−2^ pg/ng) were 4.62 ± 2 in patients with Graves\' disease, 2.73 ± 0.5 in cases of subacute thyroiditis, and 2.67 ± 1.3 in toxic adenoma/multinodular goiter ([Fig. 1](#fig1){ref-type="fig"}). The area under the ROC curve of the FT3 to FT4 ratio for the diagnosis of Graves\' disease was 0.83 (95%CI, 0.76--0.91). A cutoff level of this ratio of more than 4.4 offered sensitivity of 47.2% and specificity of 92.8%. The area under the curve of the FT3 to FT4 ratio for diagnosis of subacute thyroiditis was 0.82 (95%CI, 0.73--0.90). A cutoff level lower than 2.2 offered sensitivity of 44.8% and specificity of 92.8% for diagnosis of subacute thyroiditis.

3.3. Prevalence of T3-and T4-thyrotoxicosis {#sec3.3}
-------------------------------------------

All patients had low TSH levels, while 481 of 500 (87.8%) had both high T3 and T4. Prevalence of T3-toxicosis and T4-toxicosis was 5.6% and 6.6%, respectively. Graves\' disease was found in 88.3% of T3-toxicosis and 81.3% of T4-toxicosis cases. In the group of T3-toxicosis patients, the majority still lived in Bangkok or the central region (62.3%) and had the mean age of 45.3 ± 14.7 years (range, 21--78).

3.4. Sensitivity and specificity of thyroid hormones for diagnosis of thyrotoxicosis {#sec3.4}
------------------------------------------------------------------------------------

The areas under the ROC curves of FT3 and FT4 for the diagnosis of Graves\' disease were 0.84 (95%CI, 0.78--0.89) and 0.82 (95%CI, 0.77--0.87), respectively. Sensitivities of FT3 and FT4 to diagnosis of Graves\' disease were 94.1% and 94.4%. Sensitivities of FT3 and FT4 to diagnosis of subacute thyroiditis were 88.2% and 90.2%, respectively.

4. Discussion {#sec4}
=============

The ratio of total T3 to total T4 is commonly used for differentiating the etiology of thyrotoxicosis between Graves\' disease and subacute thyroiditis. However, FT3 and FT4 measurements are frequently ordered in current clinical practice [@bib10]. In this study, the ratio of FT3 to FT4 was useful for distinguishing the cause of thyrotoxicosis. This result is consistent with previous studies [@bib3], [@bib4]. Despite the low sensitivity of the cutoff value of FT3/FT4 ratio, we chose to use high specificity for the diagnosis of Graves\' disease. The FT3/FT4 ratio \>4.4 (10^−2^ pg/ng) as to likely confirm the diagnosis of Graves\' disease and this approach obviates an unnecessary complex and expensive testing. In the overlapping ratio between 2.2 and 4.4, the authors suggest using a combination of clinical features and investigations to differentiate Graves\' disease from subacute thyroiditis, such as clinical follow-up, erythrocyte sedimentation rate (ESR), TRAb, color flow doppler ultrasonography of the thyroid gland, and RAIU. The strength of this study was a higher number of subjects than prior studies. However, this ratio should be validated in other populations. It cannot be applied to hospitalized patients who have the possibility of low T3 levels from non-thyroidal illness. In addition, due to the low sensitivity of the cutoff value of the FT3/FT4 ratio, the use of clinical symptoms to differentiate between Graves\' disease and subacute thyroiditis is still important.

Other markers for differentiation between Graves\' disease and subacute thyroiditis -- basal levels of serum calcitonin [@bib1], peripheral eosinophil/monocyte ratio [@bib3], stem cell factor [@bib11], total alkaline phosphatase activity [@bib12], red blood cell zinc concentration [@bib13], plasma fibrinogen [@bib14], and serial changes in liver function tests [@bib15] -- have been reported. However, these parameters are difficult to use in clinical practice.

In this study, the prevalence of T3-toxicosis was not as high as expected in newly diagnosed untreated patients with thyrotoxicosis. Either T3 or T4 can provide diagnostic value for the diagnosis of thyrotoxicosis. T3 is an active form of thyroid hormone that is deiodinated from T4 by type 1 iodothyronine deiodinase (D1) as well as type 2 (D2). In humans, the thyroid expresses both D1 and D2 [@bib16]. High expression of D2 in Graves\' thyroid tissue and in some thyroid adenomas has been reported to contribute to relatively high serum T3 levels [@bib17]. T3-toxicosis can be found in subjects with Graves\' disease and toxic adenoma/multinodular goiter, especially in the early or relapsed phase of thyrotoxicosis [@bib18]. Also, the frequency of T3-toxicosis was higher in those with iodine deficiency. This study had a lower prevalence of T3-toxicosis than a previous study [@bib9], which might be due to differences in the selected study population. We collected subjects only for newly diagnosed thyrotoxicosis, and included patients from every clinic in the hospital. In contrast, the previous study included only patients from the endocrine clinic, who usually represent only severe cases with high T3 levels [@bib9]. In an era of economic crises, cost-effectiveness is one of the most important health management concerns. More than 90% of patients with thyrotoxicosis can be diagnosed by using only two instead of the three values. This would help reduce the cost by 33%, an estimated 100,000 Thai baht or around \$3000 US, in these 500 patients.

In summary, a higher ratio of FT3 to FT4 suggests that the patient may have Graves\' disease, and a very low ratio supports a diagnosis of subacute thyroiditis. Use of lab TSH with either FT3 or FT4 will provide high sensitivity and cost-effectiveness.
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###### 

Baseline characteristics in the patients with Graves\' disease, subacute thyroiditis and toxic adenoma/multinodular goiter.

Table 1

                                 Graves\' disease (N = 468)   Subacute thyroiditis (N = 40)   Toxic adenoma/multinodular goiter (N = 40)
  ------------------------------ ---------------------------- ------------------------------- --------------------------------------------
  Mean age (years)               42.35 ± 12.52                51.94 ± 20.55                   44.32 ± 15.02
  Female (%)                     79.3%                        75%                             82.5%
  Signs (%)                                                                                   
   Goiter                        56.2%                        35%                             66.7%
   Ophthalmopathy                14.7%                        0%                              0%
   Acropachy                     0.6%                         0%                              0%
   Pretibial myxedema            0.4%                         0%                              0%
  Thyroid function tests                                                                      
   Mean FT3 (pg/mL)              15.72 ± 10.1                 5.56 ± 2.99                     5.29 ± 3.81
   Mean FT4 (ng/dL)              3.22 ± 1.31                  2.00 ± 0.63                     1.86 ± 0.48
   Median TSH (mIU/L, IQR)       0.0038 (0.0038--0.0038)      0.01 (0.006--0.028)             0.0038 (0.0038--0.032)
   Mean FT3/FT4 (10^−2^ pg/ng)   4.62 ± 2                     2.73 ± 0.5                      2.67 ± 1.3

Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; IQR, interquartile range; TSH, thyroid-stimulating hormone.
